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24                     HYDRAULIC TURBINES
plied to the turbine must vary. It is thus apparent that a turbine
does not run under an absolutely constant head at all loads.
By referring to Fig. 19 it is seen that when the turbine is using
only a small quantity of water the head will be higher than when
it is carrying full load.
If the load on a turbine is rapidly reduced the quantity of water
supplied to it must be very quickly decreased in order to keep the
speed variation small. This means that the momentum of the
entire mass of water in the penstock and draft tube must be sud-
denly diminished. If the penstock be long a big rise in pressure
may be produced so that momentarily the pressure may be greater
than the static pressure. This increase in pressure may be nuffi-
cient to even cause an increase in the power input for a very brief
interval of time. On the other hand, if the load on the turbine be
suddenly increased, the water in the penstock and draft tube, must
be accelerated and this causes a temporary drop in pressure below
the normal value, and for the time being the power input to the
turbine may be diminished below its former value. The longer
the pipe line and the higher the maximum velocity of flow, the
worse these effects become. It is thus seen that the speed regu-
lation depends upon the penstock and draft tube as well as upon
the governor and the turbine.1
If the velocity of the water is checked too suddenly a dangerous
water hammer may be produced. In order to avoid an excessive
rise in pressure, relief valves are often provided. Automatic re-
lief valves are analogous to safety valves on boilers; they do not
open until a certain pressure has been attained. Meehanieally
operated relief valves are opened by the governor at the same time
the turbine gates are closed and afford the water a by-pass so that
there is no sudden reduction of flow. To prevent waste of Water
these by-passes may be slowly closed by some auxiliary device.
Another means of equalizing these pressure variations is to place
near the turbine a stand pipe or a surge chamber, with compressed
air in its upper portion, or open to the atmosphere'if it can he
made high enough. These have the advantage over the re-
lief valves that they are not only able to prevent the pressure in-
1A case may be cited where the length of n conduit was 7.70 inilw, tho
average cross-section 100 sq. ft., and the maximum velocity 10 ft. pur flocond.
The amount of water in the conduit was, therefore, 128/125 tons and with
the velocity of 10 ft. per second there would bo in round numbers 200,000
ft.-tons of kinetic energy.